Abstract. The rapid and environmental synthetic route to produce 1H-indazolo[1,2-b] phthalazine-1,6,11-triones and 1H-pyrazolo[1,2-b]phthalazine-5,10-diones derivatives have been developed via multicomponent and one-pot reactions of various aldehydes, cyclic or acyclic 1,3-diketones with: i) phthalhydrazide or ii) phthalic anhydride-hydrazinium hydroxide using wet 2,4,6-trichlorotriazine (TCT) as catalyst under solvent-free conditions. Simple and mild reaction conditions, the use of a cheap catalyst and easy workup and isolation are notable features of this method.
Introduction
Multi-component reactions (MCRs) are major tools for the rapid and efficient synthesis of a wide variety of organic molecules. These reactions have been investigated widely in organic and diversely oriented synthesis, primarily due to their ability to produce complex molecular functionality from simple starting materials via one-pot reaction [1, 2] . In the past few decades, the synthesis of novel heterocyclic compounds has been received a great deal of attention, most notably for the construction of heterocycles [3] . Heterocyclic compounds occur very extensively in nature and are essential to life. Among a large variety of heterocyclic compounds, heterocycles containing phthalazine moiety [4, 5] are of importance because they show some pharmacological and biological activities [6] . Phthalazine derivatives were reported to possess anticonvulsant [7] , cardiotonic [8] , and vasorelaxant activities [9] [10] [11] [12] [13] .
Recently, several well-designed multicomponent strategies for the synthesis of 1H-indazolo [1,2-b]phthalazine-1,6,11-triones and 1H-pyrazolo[1,2,b]phthalazine-5,10-diones [14] [15] [16] [17] [18] have been reported by one-pot reactions of various aldehydes, cyclic, and acyclic 1,3-diketones with: i) phthalhydrazide ii) phthalic anhydride, hydrazinium hydroxide utilizing different types of catalysts such as: p-TSA [19] , ionic liquids [20] , (S)-CSA [21] , dodecylphosphonic acid (DPA) [22] , heteropoly acids [23] , Ce(SO4) 2 .4H 2 O [24] , solid acids [25] , montmorillonite K-10 [26] , N-halosulfonamides [27] , silica-sulfuric acid [28] , phosphomolybdic acid-silica (PMA-SiO 2 ) [29] and have been used for the inhibition of P 38 MAP kinase [30] , for selective binding of GABA receptor [31] , as anti-anxiety drug [32] , antitumor agent [33] , and as high-affinity ligand to the subunit of calcium channel [34, 35] . These protocols have limitations, for instance the formation of by-products and the use of toxic organic solvents, high acidic conditions, large amounts of catalyst, and tedious work-up procedures. According to the principle of safe chemistry, synthetic methods should be designed to use substances that exhibit little or no toxicity to human health and the environment.
Result and Discussion
In recent years, 2,4,6-tricholorotriazine (TCT, cyanuric chloride) has been used in organic synthesis because it is secure, non-volatile, low-priced, easily available and an easy-to-handle reagent with low loading [36] [37] [38] [39] [40] [41] [42] [43] .
Organic reactions under solvent-free conditions have attracted much attention from chemists, particularly from the viewpoint of green chemistry. Green chemistry approaches are most important due to the reduction in byproducts, a reduction in produced waste, and reduction of energy cost [44] [45] [46] [47] [48] [49] . As part of our current studies on the development of multi-component reactions [50] [51] [52] [53] , we decided to examine the possibility of synthesizing 1H-indazolo[1,2-b]phthalazine-1,6,11-trione and 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives via the reaction of various aldehydes, cyclic and acyclic 1,3-diketones with: i) phthalhydrazide or ii) phthalic anhydride, hydrazinium hydroxide using wet TCT under solvent-free conditions at 110 °C (Scheme 1).
Initially, in the presence of a catalytic amount of TCT under solvent-free conditions at 110 °C for several minutes was produced 2,3,4,13-tetrahydro-13-(4-methoxyphenyl)-3,3-dimethyl-1H-indazolo[1,2-b]phthalazine-1,6,11-trione 6a in the three-component reaction of 4-methoxy benzaldehyde 1, cyclic or acyclic 1,3-diketones 2 or 3 and phthalhydrazide 4 (Table 1, entry 1). To develop optimum conditions, first, the effect of temperature on the rate of the reaction was studied for the preparation of 6a at 90-120 °C (Table 1 , entries 2-4). A decrease in temperature leads to decreasing product yields and rate of the reaction. Only at 110 °C the reactions proceeded to completion very rapidly (Table 1 , entry 1). It was observed that the reaction did not proceed at room temperature (Table 1, entry  7) . Next, the optimum amount of TCT was evaluated. A further increase or decrease in the amount of TCT did not have any significant effect on the product yield or reaction time (Table  1 , entries 5-6). The highest yield was obtained with (40 mol%) of the catalyst at 110 °C .
Using these optimized reaction conditions, the scope and efficiency of these procedures were explored for the synthesis of a wide variety of substituted 1H-indazolo[1,2-b]phthalazine-1,6,11-trione derivatives 6. The results are summarized in Table  2 (entries 1-15). As shown in Table 2 , the direct multi-component reactions worked well with a variety of aldehydes including those bearing electron-withdrawing and electron-donating groups such as Me, OMe, Cl, F, Br or NO 2 , and the desired compounds were obtained in high to excellent yields.
After successfully synthesizing of a series 1H-indazolo[1,2-b]phthalazine-1,6,11-trione derivatives 6 in good yields, we turned out attention toward the synthesis of 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives 7. We replaced the cyclic 1,3-diketones (5,5-dimethyl-1,3-cyclohexanedione or 1,3-cyclohexanedione) with the acyclic 1,3-diketone (acetylacetone) instead under same conditions (Table 2 , entry 15-18). We next examined the reaction with various aldehydes. As expected, these substrates undergo smooth, one-pot conversion to give the corresponding 1H-pyrazolo[1,2-b]phthalazine-5,10-dione derivatives 7 in good yields.
Finally, we have developed this synthetic method for four-component and one-pot synthesis of 1H-indazolo-[1,2-b]phthalazine-1,6,11-triones and 1H-pyrazolo[1,2-b]phthalazine-5,10-diones derivatives by condensation of aldehydes with phthalic anhydride and hydrazinium hydroxide.
Synthetically, chemo selectivity in chemistry is regarded as one of the most important aspects of organic reactions. In this regard, preparation of 6a by condensation of the 4-methoxybenzaldehyde, phthalhydrazide with 5,5-dimethyl-1,3-cyclohexanedione in the presence of wet TCT as catalyst only gives the desired product [50] [51] (Scheme 2).
We also compared the results of the present work with other catalysts reported in literature. The Table 3 clearly demonstrates that TCT is an effective catalyst in terms of reaction time and yield of obtained product relative to other reported catalysts.
The formation of 1H-Indazolo[1,2-b]phthalazine-triones 6 and 1H-pyrazolo[1,2-b]phthalazine-5,10-diones 7 could be explained by a proposed tentative mechanism (Scheme 3). Our proposed mechanism for the one-pot three/four components 
Conclusion
In summary, an efficient protocol for the one-pot synthesis of 1H-indazolo-[1,2-b] phthalazine-1,6,11-triones and 1H-pyrazolo[1,2-b]phthalazine-5,10-diones derivatives have been described under thermal solvent-free conditions using inexpensive starting materials. This protocol describes a very fast, user friendly, green and low-cost procedure for synthesis of these products. Furthermore, TCT is a catalyst that produces cyanuric acid as by-product that is removable by washing with water. To the best of our knowledge, this new procedure represents the first example of an efficient synthetic method for these derivatives via a multi-component reaction.
Experimental General
Chemicals were obtained from Merck and Fluka. IR spectra were recorded on a Shimadzu 435-U-04 spectrophotometer (KBr pellets). 1 H NMR spectra were obtained using a Jeol FT NMR spectrometer in CDCl 3 using TMS as an internal A mixture of various aldehydes (1.2 mol), cyclic/acyclic 1,3-diketones (1.0 mmol) with phthalhydrazide (1 mmol) or phthalic anhydride(1 mmol)/hydrazinium hydroxide (1.2 mmol) and TCT (0.04 mmol and 2 drops of water) was stirred magnetically under solvent-free conditions at 110 °C for an appropriate time as mentioned in Table 2 . After completion of the reaction (monitored by TLC) the reaction mixture was diluted with EtOH (96%, 3 ml) and stirred for 5 min. The resulting crude product was poured into crushed ice and the solid product was filtered and recrystallized from ethanol to get pure 1H-indazolo 
